Background and Purpose-The effectiveness and safety of antithrombotic therapy (AT) among patients with a history of intracerebral hemorrhage remain uncertain. We therefore determined the prevalence of indication for AT among patients hospitalized with first-time intracerebral hemorrhage and examined the impact of subsequent AT use on the long-term clinical outcome. Methods-We performed a population-based cohort study using nationwide Danish medical registries. Patients with risk of thromboembolism surviving the first 30 days after hospitalization because of intracerebral hemorrhage were identified and followed up. We estimated the hazard ratio of all-cause death, thromboembolic events, or major bleeding according to use of AT. Results-We identified 6369 patients between 2005 and 2013. Among these patients, 2978 (47%) had indication for AT, and during the follow-up, (median: 2.3 year) 1281 (43%) died, 497 (17%) had a thromboembolic event, and 536 (18%) had major bleeding. Postdischarge use of oral anticoagulation therapy among patients with indication for oral anticoagulation therapy was associated with a significant lower risk of death (adjusted hazard ratio, 0.59; 95% confidence interval, 0.43-0.82) and thromboembolic events (adjusted hazard ratio 0.58; 95% confidence interval, 0.35-0.97) and no increased risk of major bleeding (adjusted hazard ratio 0.65; 95% confidence interval, 0.41-1.02). In contrast, use of platelet inhibitors among patients with indication for platelet inhibitors was not related to statistically significantly improved clinical outcome. Conclusions-Approximately 1 of 2 patients surviving intracerebral hemorrhage had a high risk of thromboembolism.
C linicians are everyday challenged with the decision of resuming or initiating antithrombotic therapy (AT) among patients with previous hemorrhage, because of a high prevalence of ischemic risk factors or previous thromboembolic events among many of these patients. Patients with intracerebral hemorrhage (ICH) represent a special challenge because of the concerns about the risk of recurrent and potentially catastrophic ICH. 1 Within recent years, there has been a remarkable development in the area of AT with introduction of new antithrombotic drugs and increased clinical attention to ensure that guideline recommendations are implemented.
Data on use of AT among patients surviving ICH have until recently been sparse, and there have therefore only been little evidence available for guiding clinical practice. As demonstrated in recent studies, it is therefore not surprising that there has been large variation in clinical practice, and many ICH survivors with a high risk of thromboembolism are not prescribed AT. 2, 3 The association between use of AT and clinical outcome among patients with previous intracranial hemorrhage/ICH have been examined in a few studies within recent years. [4] [5] [6] [7] Overall, the findings seem to encourage the use of AT among patients surviving ICH because AT was associated with a lower risk of thromboembolic events without an associated increased risk of major bleeding. However, questions remain, as the available data are primarily restricted to patients with atrial fibrillation
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resuming treatment with vitamin K antagonists. Additional population-based studies with long-term follow-up on wellcharacterized patient populations, including patients with other indications for AT than atrial fibrillation, are therefore needed to obtain a stronger evidence base for decision making about use of AT (including vitamin K antagonists, non-vitamin K antagonist oral anticoagulants, and platelet inhibitors) among ICH survivors. We therefore conducted a nationwide follow-up study to examine the effectiveness and safety of AT among these patients.
Methods
The study was based on national Danish registries covering the entire population (≈5.6 million). The National Health Service provides tax-financed healthcare to all residents, and unambiguous individuallevel linkage between registries is enabled by a unique 10-digit civil registration number, which is assigned to every citizen and used in all registries. According to Statistics Denmark, 89% of the population had Danish ancestry and 11% were immigrants or descendants in 2013.
The study was approved by the Danish Data Protection Agency (ID 1-16-02-371-13). According to Danish law, ethical approval is not required for registry-based studies.
Study Population
The study population consisted of all Danes (≥18 years) admitted with first-time, acute, spontaneous (nontraumatic) ICH and surviving the first 30 days from January 1, 2005, to December 31, 2013.
The patients were identified from the Danish Stroke Registry (DSR). The DSR is a stroke-specific clinical registry. Reporting is mandatory for all hospital departments treating patients with acute stroke. 8 The sensitivity and positive predictive value of the registration of patients in the DSR has been estimated to be >90%. 9 The registry contains information on the subtype of stroke (ischemic stroke and ICH) and stroke severity but not more detailed information, that is, localization or volume. Information on vital status was obtained from The Danish Civil Registration System, which keeps daily updated electronic records on change of address, date of emigration, and changes in vital status. 10 The criterion of at least 30-day survival was used to exclude patients who were moribund and therefore not candidates for AT. 11, 12 The patients with indication for AT were identified based on information from the DSR and the Danish National Registry of Patients (DNRP). 13 The DNRP contains data, including diagnoses and surgical procedures, on all discharges from all nonpsychiatric hospitals in Denmark since 1977. Indication for AT was defined as a hospitalization history with myocardial infarction, ischemic stroke, peripheral arterial disease, venous thromboembolism, atrial fibrillation, or artificial heart valve.
Outcomes
The following are the major outcomes of this study:
1. All-cause mortality: this was assessed using information from the Danish Civil Registration System. 2. Thromboembolic events: this included hospitalization with myocardial infarction, ischemic stroke, peripheral arterial thrombosis, venous thromboembolism, and pulmonary embolism. Information was obtained from the DNRP and the DSR. 3. Major bleeding: this included hospitalization with recurrent ICH and other intracranial bleeding and gastrointestinal, urinary, and airway/lung bleeds. Information was obtained from the DSR and the DNRP. 4. Recurrent ICH: this was analyzed as part of the combined end point of major bleeding, but also as an individual end point, because of the serious nature of this type of bleeding.
Antithrombotic Therapy
Information on use of AT was obtained from the Danish National Database of Reimbursed Prescriptions. This registry contains information from 2004 and onward on all reimbursed prescription drugs dispensed at Danish pharmacies. The included antithrombotic medications are available by prescription only, except for low-dose aspirin; however, the potential for identification of individual-level use of low-dose aspirin from prescription data is high in Denmark because the prescribed proportion of individual-level low-dose aspirin sales is >90%.
14 Preadmission use of AT was defined as at least one filled prescription within 90 days before the date of admission with ICH. Post-ICH use was determined using information from all filled prescriptions after the day of admission for each individual. The length of the individual prescriptions was estimated based on information on the package size and the daily defined dose as defined by the World Health Organization. 15 Using this information, it was possible to estimate the length of time the individual patient was treated with AT during the follow-up period and to determine whether outcome events occurred during or off treatment. Data on in-hospital use of AT as well as information on the exact timing of potential shorter pauses in treatment (eg, because of dental procedure) was not available and therefore not accounted for.
Covariates
Information on patient characteristics was obtained from the DSR, the DNRP, and the Danish National Database of Reimbursed Prescriptions and included age, sex, admission year, comorbidity (Charlson comorbidity score), 16 19 scores were computed for patients with atrial fibrillation. In the HAS-BLED score, the labile international normalized ratio component of the score was not included, because this information was not available. Both algorithms have been shown to predict thromboembolism and bleeding accurately. 18, 19 Furthermore, we registered whether the patients had any contraindications to AT that are registered specifically by the physician treating the patients during the initial ICH admission and reflects, for example, one or more of the following contraindications: recent surgery or bleeding, aspirin treatment, uncontrolled hypertension or hemorrhagic diathesis, dementia/ alcoholism, lack of patient acceptance, and pregnant in first trimester and other.
Statistical Analysis
We first estimated the prevalence of indication for AT among patients hospitalized with ICH and surviving the first 30 days after admission. Second, we computed cumulative incidence rates of the clinical outcomes. Patients were followed up from 30 days after admission until the time of the first outcome event (death, thromboembolic event, or major bleeding), date of emigration, and death (in the analyses on thromboembolic events and major bleeding) or the end of the study period, whichever came first.
Third, we examined possible predictors for post-ICH use of AT among all patients with indication for AT. These analyses were performed using separate multivariable logistic regression analyses for treatment with OAT and platelet inhibitors.
We examined the association between postdischarge use of AT and the clinical outcomes using Cox proportional hazards regression, adjusting for the variables presented in Table 1 . We separated the patients in 2 groups: group 1 consisted of patients with potential indication for OAT because of atrial fibrillation, artificial heart by guest on July 24, 2017 http://stroke.ahajournals.org/ Downloaded from valve, or venous thromboembolism and group 2 consisted of patients with potential indication for resumption of platelet inhibitors, including previous acute myocardial infarction, ischemic stroke (without atrial fibrillation), and peripheral arterial disease. We used multiple imputations to impute the missing values among the covariates assuming that data were missing at random (Markov chain Monte Carlo method). We created 20 data sets based on the aforementioned covariates. The outcome measures were averaged across the 20 imputations correcting for between-and within-imputation variation. Postdischarge use of AT was included as a time-dependent variable. Using this approach, the patients were only considered exposed during the exact number of days of available treatment provided by the individual filled prescriptions. Furthermore, we repeated the analysis with the follow-up period beginning at 1 year after admission, to counteract any delayed influence on the outcome from their primary ICH admission, and we also repeated the analysis with restriction to patients who were treated with AT before their ICH event. In addition, we made an analysis examining the association of time between first filled prescription for AT after ICH and the clinical outcome to explore when it is safe to resume AT therapy. Finally, we did a propensity score-matched sensitivity analysis on the association between post-ICH OAT use and the clinical outcomes. Here, we matched patients using OAT within the first 180 days after ICH with patients not using OAT using the nearest neighbormatching method. We aimed to match each OAT user with a nonuser with similar propensity score using replacement. The propensity score was based on the covariates listed in Table 1 . An absolute standardized difference <10% and a variance ratio between 0.8 and 1.25 were considered to support the assumption of balance between the groups (Figures I and II in the online-only Data Supplement). The matching was followed by Cox proportional hazards regression stratified on the matched pairs and with additional adjustment for CHA 2 DS 2 -VASc and HAS-BLED scores to account for any residual confounding.
Results

Characteristics
We identified 6369 incident ICH patients surviving at least 30 days, of whom 2978 (47%) had indication for AT at the time of admission. Of these, 2298 (77%) had only a single indication for AT, whereas the rest had ≥2 indications. Patient characteristics are presented in Table 1 . Among patients with atrial fibrillation, 94% had a CHA2DS-VASc score ≥2 and 50% had a HAS-BLED score ≥4.
Use of AT
The proportion of patients who filled a prescription for OAT within 180 days after ICH admission was reduced by >55% compared with the proportion of patients using OAT at the time of admission for ICH (Table 2) .
Post-ICH use of OAT was primarily initiated within the first 3 to 6 months during which time ≤34% had reimbursed their AT prescription. Within 5 years, ≈48% of all patients had filled at least one prescription for AT. Previous use of OAT, a high Scandinavian Stroke Scale score, and smoking history were significant predictors for resumption of OAT (Table 3 ). Significant predictors of resumption of platelet inhibitors included pre-ICH use of platelet inhibitors and a high Scandinavian Stroke Scale score.
Clinical Outcomes
Among patients having indication for AT and surviving the first 30 days after their initial ICH event, 1281 (43%) died, 497 (17%) developed a thromboembolic event, and 536 (18%) had a major bleeding during a median follow-up period of 2.3 years. Among patients receiving post-ICH AT, 91 (6.1%) experienced a recurrent ICH as their first major bleeding event, whereas 113 patients (7.6%) who did not receive any AT post-ICH also experienced a recurrent ICH. The distribution of post-ICH major bleeding types can be seen in Table I in the online-only Data Supplement.
Postdischarge use of OAT among patients with indication for OAT was associated with a significant lower risk of death (adjusted hazard ratio [HR], 0.59; 95% confidence interval Table III in the onlineonly Data Supplement). Table IV in the online-only Data Supplement presents the results on the association between time of first filled prescription for AT after ICH and the clinical outcome. Both early (within 30 days from inclusion) and late (>180 days from inclusion) initiation of OAT after ICH was associated with a significantly lower risk of death. Similar patterns were found for thromboembolic events and major bleeding, although the statistical precision was modest in some of the analyses. Initiation of OAT within 31 to 180 days was not associated with a favorable outcome, which may be a chance finding because of the few patients starting OAT within this timeframe.
To further test the robustness of the primary analyses, we also performed a propensity score-matched analysis includ- 
Discussion
Almost half of the patients surviving the first 30 days after their ICH event had indication for AT in our nationwide study. The outcome for this population was in general poor and included a high absolute risk of all-cause mortality as well as ischemic and major bleeding events. Overall, the use of AT post ICH, in particular OAT, was associated with a lower risk of death and thromboembolic events and no increased risk of major bleeding, including recurrent ICH, although not reaching statistical significance in all analyses. Early start/resumption of AT after ICH seemed to be safe.
The high proportion of patients with indication for AT in our study confirms and extends recent findings. 2, 3 Pasquini et al 3 reported that 44% of ICH patients in their study used AT at the time of hospital admission, whereas Pennlert et al 2 in a nationwide Swedish study found that 39% of the patients, who eventually were discharged alive after ICH, were using AT at the time of admission. The high absolute risk of thromboembolic events and death among the ICH survivors with indication for AT in our study is also in accordance with other recent studies. 2, 4, 6, 7, 20 A high proportion of the patients receiving AT at the time of ICH did not resume AT despite their high risk of thromboembolic events. This is in accordance with the low proportion of OAT use among ICH survivors with atrial fibrillation, which has been reported in other studies. 3, 6 The proportion receiving OAT post ICH varies somewhat between the studies, which may both reflect differences between the studies with regard to definition of study population and follow-up period and reflect variation in clinical practice. 3 Worth noting in our study was the marked relative increase in the use of non-vitamin K antagonist oral anticoagulants when comparing the post-and pre-ICH period. This likely reflects that some of the patients who had previously been treated with vitamin K oral anticoagulants were shifted to non-vitamin K antagonist oral anticoagulants in anticipation of a lower risk of recurrent ICH. However, although the relative increase was large (5-fold), the proportion of ICH survivors who used non-vitamin K antagonist oral anticoagulants remained low.
The association between post-ICH use of OAT and the clinical outcome observed in our study is in accordance and extend findings from other recent studies linking OAT with an improved clinical outcome among patients surviving intracranial hemorrhage and traumatic brain injury. [4] [5] [6] [7] 12 The studies differ in design, type of patients included, sample size, and level of details of the available data on patient characteristics and care (including drug use) and outcomes. The individual studies have specific set of strengths and limitations and are therefore complimentary from a methodological point of view. It is consequently remarkable, how consistent the results are across the studies. Altogether, the studies provide support for the hypothesis that depending on appropriate patient selection, OAT therapy can be used safely in patients with high risk of thromboembolism and also in patients at increased risk of ICH or other intracranial hemorrhage. The studies furthermore indicate that early start of OAT therapy can be used without offsetting patient safety. 6, 12 Still, it is essential to be aware that all of the data presented to date are observational, and although the studies indicate that a nihilistic therapeutic approach is not warranted, they should not be interpreted as a recommendation for unreflected and aggressive use of OAT in all patients with a high predicted risk of thromboembolism surviving ICH. The decision of whether to use or avoid OAT should in any case depend on a thorough assessment of the individual patient's thrombohemorrhagic risk and should reflect the patient's preferences and informed choice.
The strength of our study include the prospective population-based design with complete follow-up, limiting the risk of bias and the large sample size.
Although we included a variety of well-known confounders, we cannot exclude the possibility that our results remain influenced by confounding because of the observational nature of the study. Potentially important predictors of AT use among ICH survivors include the location (lobar versus nonlobar) and the size of the ICH because these factors are associated with the risk of recurrent ICH. 21, 22 Other factors that may both influence use of AT and the clinical outcome include the amount of microbleeds, the intensity of the OAT (as reflected by international normalized ratio levels), and the functional The analyses are separated according to indication for OAT (patients with atrial fibrillation, artificial heart valve, or venous thromboembolism) and platelet inhibitors (patients with a history of acute myocardial infarction, ischemic stroke, or peripheral arterial disease). AT indicates antithrombotic therapy; BMI, body mass index; CI, confidence interval; HR, hazard ratio; ICH, intracerebral hemorrhage; NOAC, non-vitamin K antagonist oral anticoagulant; and OAT, oral anticoagulant therapy.
*Adjusted for sex, age, admission year, stroke severity, indication for AT, contraindications to OAT, BMI, alcohol consumption, smoking status, and civil status. by guest on July 24, 2017 http://stroke.ahajournals.org/ Downloaded from level of the patients (eg, modified Rankin Scale); however, except for data on stroke severity at the time of admission, data on these factors were not available. Furthermore, the data available did not fully allow that the definitions of bleeding proposed by the Bleeding Academic Research Consortium were used; however, the definition used in our study did closely resemble a type 2 bleeding or higher as defined by Bleeding Academic Research Consortium. 23 
Conclusions
In conclusion, indication for AT was found among almost half of all surviving ICH patients. Postdischarge initiation or resuming of OAT among patients with indication was associated with lower mortality and lower risk of thromboembolic events and was not associated with an increased risk of major bleeding, including recurrent ICH. Randomized clinical trial data are warranted to confirm these findings.
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